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SUMMARY
This thesis deals with the sinusoidal efflux of the organic anionic model
compound dibromosulfophthalein (DBSP) in the liver. Sinusoidal efflux is the
process of net substrate transport from the liver cell into the general circulation.
The mechanisms of this process have been little studied until now. Many
xenobiotics that are primarily taken up by the liver are (after possible
metabolism to anionic conjugates) to a large extend secreted into the general
circulation.
Experiments which are described in this thesis have been performed using
isolated perfused rat liver.
Chapter L gives a brief introduction on membrane transport of drugs in the
liver in general and focuses particularly on hepatobiliary transport of organic
anions.
Chapter 2 gives an extended literature review of the use of the isolated
perfused liver technique to research mechanisms of uptake and excretion of
xenobiotics.
Chapter 3 deals with the influence of bovine serum albumin (BSA) on the
sinusoidal efflux process of DBSP. After preloading livers with the anion, the
rate of efflux into bile and medium are determined in the presence of different
concentrations of BSA in the perfusion medium. The sinusoidal efflux rate of
DBSP can be strongly increased in the presence of small concentrations BSA. It
reaches its maximum at 300 ,nM protein and cannot be further increased when
raising the protein concentration to 600 pM. The initiai rate of uptake of DBSP
at 300 and 600 prM BSA was not significantly different. These results indicate
that the rate of efflux, as measured in perfusate, is the resultant of cellular
efflux and reuptake by the same or downstream situated hepatocytes and that
probably only (re)uptake is being influenced by BSA. The net sinusoidal efflux
rate was not linearly correlated with the unbound ligand concentration in
perfusate, a relationship that is predicted by the so called "well stirred" liver
perfusion model. Using fluorescence microscopy we showed that after
preloading the liver in the absence of albumin, DBSP is distributed
heterogeneously along the liver acinus. These observations have led to the
withdrawal of the "well stirred" perfusion model. The observed stimulation of
the net sinusoidal efflux by BSA could not be explained using the "parallel tube"
liver perfusion model. In this model the sinusoid is described as a tube which is
formed by a number of compartments placed in series. Therefore, concentration
gradients from periportal to perivenous side can occur which result in a
heterogeneous distribution of substrate in the liver tissue. Protein-ligand binding
within the sinusoid in these perfusion models is at equilibrium at all times. This
aspect is further dealt with in chapter 4.
The albumin induced fast sinusoidal efflux from the hepatocytes had hardly any
effect on the rate of excretion into the bile. This indicates that the excretion into
the bile and the general circulation occur from two different ir-rtracellular pools
in the hepatocvte.
Chapter 4 describes the pharmacokinetic modeling of the sinusoidal efflux
process of DBSP. We tested the hypothesis that the net sinusoidal efflux of
DBSP as measured in oerfusate is the resultant of sinusoidal efflux and reuotake
and that only reuptake is influenced by the presence of BSA in the perfusion
medium. Through binding, the protein decreases extracellular unbound ligand
concentration which is the driving force for uptake.
The net sinusoidal efflux process could be perfectly simulated using a liver
perfusion model in which the parenchymal tissue is described by three or more
pharmacokinetic units placed in series. In this model, in contradiction to the
classical "parallel tube" model, the rate of association of ligand with and
dissociation from the protein can be the limiting step. The simulations showed
that binding of DBSP to BSA in the liver is probably not at equilibrium and that
the rate of net sinusoidal efflux is association limited. The rate of binding of
ligand to BSA eventually determines the amount of ligand that is taken up by
the liver and thus the net efflux rate. When the rate of association is low, the
ligand secreted into the sinusoid is taken up before binding to the protein and
subsequent removal from the liver can occur. The in vitro association and
dissociation rates of the DBSP-albumin complex were determined using a rapid
filtration technique.
The association and dissociation rates that were fitted from efflux experiments
using the above model, were sixteen times higher than the in vitro values. This
may be because of altered binding characteristics of the complex during passage
through the liver, probably through interaction with a membrane receptor. or an
intrinsic effect of BSA on the carrier-mediated efflux process. In principle, this
in vitro/organ discrepancy can be the result of the presence of an unstirred
water layer present at the cell surface. However, this possibility could be
excluded after performing simulations at different albumin concentration.
Furthermore, using this model we observed that the efflux patterns of DBSP
into bile and into perfusion medium can only be explained when incorporating
into the mo<Jel two intracellular compartments that slowly equilibrate. Excretion
into bile and efflux into the blood occur from different liver compartments as
was already suggested in chapter 3.
Chapter 5 describes the influence of DBSP-binding proteins other than BSA on
the net sinusoidal efflux rate of DBSP. We tested the hypothesis that stimulation
of this process is dependent on the type of albumins used. These experiments
show that stimulation of the net sinusoidal efflux process is not only affected by
albumin, as the cytosolic binding proteins ligandin and fatty acid binding protein
(FABP) also strongly stimulate net efflux. Once again the net sinusoidal efflux
rate was higher than could be predicted using the in vitro binding characteristics.
For BSA and chicken serum albumin (CSA) this can partly be explained by a
pH induced increase in ligand binding in the microclimate near the cell surface.
Chapter 6 describes to what extent the uptake and sinusoidal efflux processes
are affected by the temperature, the intracellular ATP content and chioride
concentration in the perfusion medium. These processes show very dissimilar
characteristics. Uptake is strongly ATP dependent, only moderately temperature
dependent and insensitive for depletion of extracellular chloride. However,
sinusoidal efflux is ATP independent but strongly temperature dependent and
sensitive to the presence of chloride. These results strongly indicate the presence
of two different transport systems for uptake and sinusoidal efflux of DBSP
across the basolateral membrane of the hepatocyte'
